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Outline for the afternoon

The human genome
Genomic variation

Genotypes, homoyzgotes and heterozygotes
— Short exercise

Genotyping
Phenotypes

Associating genotype with phenotype, genome-
wide associated studies (GWAS)

Genotype to phenotype predictions
— Main exercise



THE HUMAN GENOME



The Human Genome Project
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The Human Genome Project

HUMAN DNA IS
98% IDENTICAL T0
CHIMPANZEE DNA.

99.9% OF NUCLEOTIDE BASES
ARE IDENTICAL IN ALL PEQPLE,




The Human Genome Project

I THE HGP IDENTIFIED THE APPROXIMATELY

(97%) CONSISTS OF NON-GENETIC
SEQUENCE WITH UNKNOWN FUNCTION,




Main components of the eukaryotic genome

LTR retrotransposons

DNA transposons

Simple sequence
repeats

Segmental
duplications

LINE
Miscellaneous S

heterochromatin

Miscellaneous
unigue sequences Protein-coding

genes

Introns



GENOMIC VARIATION



Genomic variation

Single nucleotide polymorphisms (SNPs)
Insertions/deletions

Copy number variations (large)

Variable (short) number tandem repeats



Single nucleotide polymorphisms (SNPs)

A single nucleotide (A,T,C,G) DNA sequence alteration
... ACGGCTAA ...
... ATGGCTAA ...

Cand T are the alleles
for this position

DNA is double stranded
e “C”or “T” on red strand
e “G” or “A” on green strand




Single nucleotide polymorphisms (SNPs)

Occur in at least 1% of the population

Most common kind of human genetic
variation

10-30 million SNPs in the human genome

Occur every 100-300 bases along the 3-billion-
base human genome

Evolutionary stable



Single nucleotide polymorphisms (SNPs)

* Non-coding region

¢ COdlng region ¢ ﬁ int:nl ‘-_
— Synonymous | Gene A |

— Nonsynonymous



SNPs in Coding Regions —
Synonymous: No Changes in Protein

RNA Codon
CUG to CUC

Leucine Protein

l Leucine to Leucine l
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SNPs in Coding Regions —
Nonsynonymous: Changes in Protein

RNA Codon
GAU to GAG

Protein Glutamic acid
Aspartic acid
to Glutamic acid

Ao by S Katy © 3003
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dbSNP database

* rs numbers
 chromosome and positions
e Strand orientation

enNno Reference SNP(refSNP) Cluster Repon rs17822931 ** With probable -pathog..."http:/ /www.ncbi.nim.nih, qovlsuteslvarvu7gene-85320&5- 17822931"> [detai|]</a> ol
L 2> [ [@) + = nhttp:/ /www.ncbi.nim.nin.gov/SNP/snp_ref.cgitrs =17822931 "¢ JQ- Google

dbSNP
Short Genetic Variations

PubMed Nucieotide Protein Genome Structure PopSet Taxonomy OMIM Books SNP
Search for SNP on NCBI Reference A bly

Search Entrez | SNP : | for Go
! g . B Reference SNP(refSNP) Cluster Report: nim ** With probable-pathogenic allele [detail] **
RefSNP Allolo HGVS Nameos
Organism: human (Homo sapens) Variation Cl NC_000016.9:9.48258198C>T
Molecule Type: Genomic sinde nuclectide variation NG_011522.1:g.15891G>A
Created/Updated in build: 123/135 RefSNP Alleles: C/T NM_032583.3.c.538G>A
Map to Genome Build: 37.3 Alisle Origin; S:Gemiine NM_033151.3:¢c.538G>A
Validation Status: #»~ = A:Gemmline NM_145186.2:c.538G>A
Citation: PubMed Ancestral Allele: C NP_115072.2:p.Gly180Arg
O Samerenn Clinical Source: s&m‘-—d NP_140163.2:p.Gly 180Arg
. ith probable-pathogenic allele P
T Clinical Significance: (dotail] NP_860187.1:p.Gly 180Arg
dbSNP Summary MAF/MinorAlleleCount: T=0.310/679

MAF Source: 1000 Genomes
BNP Details are organized in the following sections:

GeneView |  Map | Submission | Fasta | Resource | Diversity | Validation |
H Integrated Maps {Hint: click on ‘Chr Pos' or ‘Contig Pos' column value to see variation in NCBI sequence viewer)

Integrated Maps
SNP Contig
Gonome Contig

Assombly Chr Chr Pos Contig Contig Pos to to
N kg chr Moo Chr

GRCHI7 o5 3 16 46256198 NT 010466 15 1872307 ‘ c .
rofererce 3.3 18 46815699 NT 0104668 15 1872387 . c .
Celkera 363 16 ARTEHI2I NV 5264621 1830122 ¢ c .

Linka . Linkout

Nelghbor Map
SNP Math,
viow bisst
viow blast



Ensembl database

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors €] - Search ail species...
Human (GRCh37) ¥ | Location: 3:12,392,625-12,383,625 R'LIGLHGLHEEI PV
Variation displays
- Explore this variation rs1801282 snp
= Genomic context
i ngr‘]iisngf‘; ;i%“r:ggm (14) Original source Variants (including SNPs and indels) imported from dbSNP (release 138) | View in dbSNP
Population genetics Alleles C/G | Ancestral: C | Ambiguity code: S | MAF: 0.07 (G)
t Egr;g:aélgzggmgﬁzg = Location Chromosome 3:12393125 (forward strand) | View in location tab
i~ Phenotype pata (9) Co-located with HGMD-PUBLIC CM381614
{ g:glt?gf Snzaztgz;):omext © Most severe consequence Missense variant | See all predicted consequences [Genes and requiation]
= External Data Evidence status @ “® Y6 6
- LOD Clinical significance @ A
Synonyms This variation has 7 synonyms - click the plus to show
HGVS names + This variation has 17 HGVS names - click the plus to show
Genotyping chips + This variation has assays on 7 chips - click the plus to show
Explore this variation @
- e A o — i
=== ARa €2 e
SRR TR 0w LaTecic
Genomic Genes and Population Individual
context regulation genetics genotypes

W % &

Linkage Phenotype XY Phylogenetic
disequilibrium data Citaions context



GENOTYPES



One copy of rs17822931 from the father and one copy from the mother
5" ...GGCCTGAGT...3" (+)

Copy 1:

=OPY 37 . ..CCGGACTCA...5" (-)

- 5/ ...GGCCCGAGT...3’ (+)
OQ)Z .

3" ...CCGGGCTCA...5" (-)

Genotype for rs17822931 on plus strand:

T,'C (T'C)
’ T,C (T,C)
(c;T) CT o.p /T
! rsl7822931(T;C) TC
rsl7822931 (C;T)

Genotype for rs17822931 on minus strand:

A;G (a;G)
’ A,G (A,G)
(G;a) G .., ST
‘2 rs17822931(A;G) ¢
rsl7822931 (G;A)



exercise

rs4788084 rs17822931 rs73546424

C 1 5’ ...TCCCCTGGG. . .GGCCTGAGT. . .TGCATGTGA... 3’ (+)
opy 1.

3" .. .AGGGGACCC...CCGGACTCA...ACGTACACT... 5" (-)

C . 5’ ...TCCCCTGGG. . .GGCCCGAGT. ..TGCAAGTGA... 3’ (+)
opy <.

3" ...AGGGGACCC...CCGGGCTCA. . .ACGTTCACT... 5" (-)

rs4788084 rs17822931 rs73546424
dbSNP orientation: minus dbSNP orientation: plus dbSNP orientation: plus

genotype on “plus strand”

genotype on “minus strand”

genotype on “dbSNP strand”




HOMOZYGOTES AND
HETEROZYGOTES



Homozygous:
Genotype consisting of two identical alleles at a given locus
(For a SNP: the same base at both copies, eg. C;C or A;A)

Heterozygous:
Genotype consisting of two different alleles at a locus
(For a SNP: the same base at both copies, eg. A;C)




B i
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Copy 1: 47
Copy 2: 53

exercise

rs4788084 rs17822931

TCCCCTGGG. . .GGCCTGAGT. .
. AGGGGACCC. . .CCGGACTCA. .

TCCCCTGGG. . .GGCCCGAGT. .
- AGGGGACCC. . .CCGGGCTCA. .

heterozygous
or
h heterozygous
OmOozygous -

4

homozygous
2

rs73546424

4

.TGCATGTGA... 3’ (+)
.ACGTACACT... 5’ (-)
.TGCAAGTGA... 3’ (+)
ACGTTCACT: «.v 57 (~)
heterozygous

or
homozygous



GENOTYPING



SNP arrays ® oot

Biology for a better world

* Microarray technique
+ 0.3 - 4.3 million SNPs llumina

Target prep Hybridization Ligation Signal amplification
Amplify Capture S Differentiate Stain and image
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Labeled solution probe






Next Generation Sequencing

 Different parts of the genome can be sequenced:
<> Whole genome
<> Exome
<> Targeted
* Different methods for different platforms
* [sincreasing in popularity due to increasingly
ower costs

llumina ,&'{é
technologies




PHENOTYPES



An observable characteristics or trait




GENOME-WIDE ASSOCIATION
STUDIES (GWAS)



Monogenic and polygenic traits

 Some traits are determined by a single gene,
where a one mutation can cause a disease

— Often called Mendelian diseases

— Examples are Huntington’s disease and sickle cell
anemia

* Most common traits and diseases are caused by a
large number of genes
— Often called complex traits/diseases

— Examples are human height, obesity, type 2 diabetes
and cardiovascular disease

 GWAS studies usually focus on complex
polygenic traits



GWAS

Association of common variants (SNPs) across
the whole genome with a particular phenotype

Science 2007: Published GWA Reports, 2005 — 6/2012
BREAKTHROUGH OF THE YEAR
Equipped with faster, cheaper technologies for sequencing I I I | ‘ ‘ | | | | ‘ ‘ ‘

DNA and assessing variation in genomes on scales ranging —— | I I

from one to millions of bases, researchers are finding out 2000 2007 2008 2008 2000 i e
how truly different we are from one another Calendar Quarter
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Cases vs controls

Obtain DNA from a disease group (e.g. asthma) and a
control group

Obtain genotypes

Identify variants that are significantly more common
among cases than controls

Those SNPs are associated with the disease (in this
study)

Not necessarily causal



Example of GWAS results (BMI)

Manhattan plot displays all SNPs on x-axis (ordered by chromosome)
and —log,, of p-values on y-axis

® Previous BMI loci

| ® Previous waist or weight loci

® Novel loci
NEGRT
SEC16B
EM18 FLJ35779
TNNI3K G GNPDA2 TFAP2B
PTBEP2 R oL ETVS 608
: cADM2 § SLcasas NUPE

I ILRP7B l' 4
|| li | | HERIE
4 5 6

nature
genetICS

FTO
'
MAP2K5 §
RPL27A GPRCQB
SDNE MT/F;RKD1 MC'42‘IPR
MTCH2 sheB1  } TMEMI60
LRRN6C FAIM2 NRXN3 KCTD15

8 9 13 14 15 16 171819202122

Chromosomes

Association analyses of 249,796 individuals reveal
18 new loci associated with body mass index

Speliotes et al, Nature Genetics, 2010



Feasibility of identifying genetic variants by risk allele
frequency and strength of genetic effect (odds ratio).

Effect size

B Low-frequency = -
~~~~~~~ B variants with
intermediate effect SRS ..
Rare variants of \ .
small effect |\ T
very hard to identify
by genetic means

Allele frequency

nature
TA Manolio et al. Nature 461, 747-753 (2009) doi:10.1038/nature08494



NHGRI catalog

As of 07/01/14, the catalog includes 1782 publications and 12151 SNPs.

@ Digestive system dsease

@ Cardiovascular disease

© Metadolic disesse

) tmmune system disease

() Nervous system disease

@ Liver erayme measurement

@ Uipid or kpoprotein measurement
() tnfammatory marker measurement
@ Hematological measurement

@ Body measurement

@ Cardiovascular measurement

@ Other measurement

() Response to arug

@ Biokgical process

@ Cancer

@ Other disease

@ Other trait

NHGRI GWA Catalog

I 0 National Human

S E— www.genome.gov/GWAStudies



SNP lia Page Discussion Read Edit View history

SNPedia
Promethease
FAQ

Blog

Recent changes
Random page

v Tools
What links here
Related changes
Special pages
Printable version
Permanent link
Page information
Browse properties

SNPedia.com

Create account & Log in

Search Q

User:Lennon answers questions for NPR's On The Media &

SNPedia

SNPedia is a wiki investigating human genetics. We share information about the effects of variations in DNA, citing
peer-reviewed scientific publications. It is used by Promethease to analyze and help explain your DNA.

Help! f(edi

e look at the example rs1234
e learn more about SNPs
e browse
e genes
genomes

genosets
genotypes
medicines

medical conditions



Challenges of GWAS

Missing heritability
Small effect sizes (OR <
1.5)

Not much translation into
clinical practice

Biological role of variants
unclear, majority (93%)
outside of coding regions

REVIEW

Five Years of GWAS Discovery

Peter M. Visscher,1.2* Matthew A. Brown,! Mark I. McCarthy,34 and Jian Yang5



The Case of the Missing Heritability

Rare Common Disease/Traits

100% |
. N (_1/0
S & N\

Heritability

B Missing

B Explained

illumina




GENOTYPE TO PHENOTYPE
PREDICTIONS



It is difficult, perhaps impossible, to accurately predict
complex traits from the information we have today!

* Clinical setting

— High penetrance, often rare
mutations, such as BRCA1

* Commercial genotyping
— 23andMe

* Ancient genomes



Commercial genotyping

The largest DNA ancestry service in the world m \_‘—? o

23andMe welcome  health ancestry howitworks buy  (search ) help
e

Discover your ancestral
origins and lineage
welcome | with a personalized
toyou | analysis of your DNA.

|

|
\
1

\ * Leamn what percent of your DNA is from populations

\ around the world.
23andMe | » Contact relatives across continents or across the street.
‘ « Build your family tree and enhance your experience
with relatives.

$99




Genotype and phenotype
of an ancient genome



First Ancient Human Genome




The Saggag Genome Project

4,000 years
Hair sample from permafrost
DNA extraction <10% contamination

20 x coverage
Started 2009




DNA from hair

HV WD Mag Sigl Det Spor File
20.0 KV 10.5 mm 2000x SEIETD 5.0 lsaqgag 018.pg"




Single nucleotide
polymorphism

Rasmussen et al.4 have sequenced the genome of a man from the Saqqaq culture, using DNA from hair preserved in permafrost in
Greenland, They analysed the genome to find single nucleotide polymorphisms (SNPs) — differences in single DNA base pairs that exist
between indwidual genomes, and that may act as markers of an individual's physical traits. a, Here, & short stretch of human DNA is
shown that is & marker for normal earwax. b, In the analogous DNA from the Saqgaq individual, there ks 3 SNP in which & C in the lower
strand has been replaced by a T (C, G, T and A denote the four kinds of DNA base). This SNP shows that the Saqqaq man had dry
earwax. Rasmussen and colleagues identified other SNPs indicating that the ancient human had, among other things, brown eyes, non-
white skin, thick dark hair and an increased susceptibiity to baldness.

V. WARD, UNIV. AUCKLAND



What can we say about his phenotypes?



Thick hair Increased risk of baldness

153827760 rs 1385699
86152
Dark hair

Dry earwax, common in Asian people rs12913832
1 157495174
rs1762293 84778241
rs4778138

Increased risk for heart disease
r$2383207

Unable to taste bitter

rs10246939
rs713598

rs1528133

152272383 i ; :
152272382 =l Not European light skinned
: -' rs1426654
Higher percentage fat mass -:
o4
R ﬂ! Cold adaptation
o' rs9493857
: rs1042522
rsd655518
Gluten intolerant rgw
rs2305764 rs751141
Lactose intolerant ::%g:
rs4988235 rs2570032
rs182549 512946618
rs12946049
rs12946115

From genotype to phenotype: how good are we at putting a face to an anonymous individual? - While some traits manifest
themselves in a tissue specific manner (highlighted in green), others are more systemic (highlighted in blue). Going from the genetic

blueprint to visual appearance, physiological behaviour and medical predispositions is still an open challenge.



The Saqqaq Genome Database (NCBI36)




The Sagqaq Genome Database (NCBI36)

Result

| obesity, Obesity, association with, Disease- e
rs1801282 single  + CcG associated and putatively functional o} 17463248 NHGRI,other
polymorphism, Type 2 diabetes

17463249




EXERCISE



Genotype to phenotype exercise
http://wiki.cbs.dtu.dk/teachingmaterials/

index.php/ExGenotype2Phenotypelite




